Abstract -Acicular barium ferrite fine particles doped with C02+ ions and Ti4+ ions were prepared by a conventional sintering method. Magnetic properties and crystal structure of the acicular BaCoxTixFel2.2x 019 (X=O-1. 0) particles were investigated. These particles had long axis of about 0.8IAm and aspect ratio of about 11. The size of acicular fine particles did not changed with doping content of C02+ and Ti 4 + ions. The magnetization for the acicular BaCoxTixFel2.2x 019 particles had same value of about 0.33 Wb/m2, but the coercive force of them was decreased from 310 kAlm to 35 kAlm with increase of doping content. In addition, crystal structure of them were investigated. From x-ray diffraction patterns, the acicular BaCoxTixFel2.2xOl9 particles had hexagonal structure of the magnetoplumbite. It was observed by dark field images of TEM that the acicular BaCoxTixFel2.2xOl9 particle consisted of some crystallites and the caxis of them were normal to the long axis of an acicular particle.
I. INTRODUCTION Recently a need for high density removable magnetic recording media is increasing because of extension of computing data. For high density magnetic recording media, a high magnetic anisotropy and high thermal and chemical stability are required. Hexagonal platelet barium ferrite fine particles which have been made up by hydrothermal method [l] or glass ,crystallization method [2] have been studied for high density removable magnetic recording media for their high magnetic anisotropy and chemical stability. We have prepared acicular barium ferrite fine particles by a conventional sintering method [3] . Then their magnetic properties [3] and magnetic recording characteristics of magnetic tapes with acicular barium ferrite fine particles[4] were examined. In this report, we investigated fine crystal structure of acicular barium ferrite' particles
The starting material of acicular u-FeOOH particles had a long axis of about 1.3IAm and aspect ratio of about 33.
The acicular u-FeOOH, Ba(0H)2·8H20, ClOH1404CO·2H20 and ClOH1404TiO were previously weighed at the composition of BaCoxTixFeI2.2X019 with the doping content X ranging from 0 to 1.0. The Ba(OH)2·8H20 was dissolved in warm water, and then the acicular u-FeOOH particles, ClOH1404CO·2H20 and ClOH1404TiO which dissolved in ethyl alcohol added to the solution. The liquid mixture was coated on a stainless plate, which was heated at about 150°C, to be dried. Mter the dried mixture was sintered at 900°C for 3 hours in air and was then quenched.
The magnetic properties of the acicular BaCoxTixFel2.2xOl9 particles were measured by a vibrating sample magnetometer (VSM) under ail. applied field of 560kAlm and the crystal phase of them were examined with an x-ray diffractometer (XRD). The configuration and fine structure of the acicular BaCoxTixFeI2.2x019 particles were observed by a scanning electron microscope (SEM) and a transmission electron microscope (TEM).
Ill. RESULT AND DISCUSSION
Figure 1 shows x-ray diffraction patterns of the acicular BaCoxTixFel2.2xOl9 particles. In these samples, a small amount of u-Fe20s phase and BaFe204 phase exist but most of them are hexagonal BaFe12019 phase.
From these diffraction patterns, the acicular BaCoxTixFel2. 2X019 particles have hexagonal structure of the magnetoplumbite. Figure 2 shows dependence of magnetization and coercivity on doping content, X of the acicular BaCoxTixFe12.2xOl9 particles.
The acicular BaCoxTixFel2.2x019 particles have constant magnetization value of about 0.33 Wb/m 2 between x=o and X=0.7, and decrease to the value of 0.30 Wb/m 2 at X=l.O. On the other hand, the coercivity of the sample with X=O have the value of 31OkAlm, and decrease linearly to the value of 35kAlm at X=1.0. This result suggests that the doped C02+ ions and Ti4+ ions were substituted for the Fe 3 + ions in the acicular barium ferrite particles. Figure 3 (a) and (b) show dark field images which observed by a TEM for the acicular BaCoxTixFe12.2x019 particles with doping content of x=o and X=O.7, respectively. In these observations, it has been confirmed by electron diffraction patterns of these samples that the incident direction of electron beam is perpendicular to the c-axis of hexagonal barium ferrite. In these images, the white part is the area which electron beam passed, besides the black part is the area which electron beam was diffracted. From these dark field images as shown in figure 3 (a) and (b), the acicular BaCoxTixFe12.2X019 particles are consisted of some grains and the c-axis of them are normal to the long axis of an acicular particle. In 
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Dependencn of magnetization and coercivity on doping content, X of the acicular BaCoxTixFe12.2x019 particles. Fig. 3 Dark field images of the acicular BaCoxTixFe12.2x019 particles with X=O(a) and X=O.7(b) which observed by TEM. some hexagonal grains which had good crystallinity and amorphous-like grain boundary are observed. In figure 4 (b) , two grains are observed (area A and area B), and their a-planes of hexagonal barium ferrite grains have a deviation angle of about 60 degrees each other. Figure 5 shows a schematic illustration of the fine structure of an acicular BaCoxTixFe12-2X019 particle.
As mentioned above, ac;icular BaCoxTixFe12.2x019 particle consisted of some hexagonal grains (6-10 grains) and the c-axis of them were perpendicular to the long axis of acicular particle.
Moreover, the a-axis of hexagonal grains had slight angles each other as shown for an examples of 6. This fine structure was not changed by doping of C02+ and Ti4+ ions.
IV. CONCLUSION
Acicular barium ferrite fine particles doped with C02+ ions and Ti 4 + ions were prepared by a conventional sintering method and their magnetic properties and fine structure were investigated.
The following results were obtained. (ii) The acicular BaCoxTixFe12.2x0I9 particle consisted of some grains and the c-axis of hexagonal barium ferrite grains were normal to the long axis of an acicular particle.
FigA
High resolution TEM images of the acicular BaCoxTixFe12.2x0I9 particles with X=O(a) and X=0.7(b).
c-axis
Fig.5 Schematic illustration of fine structure of the acicular BaCoxTixFel2.2xOl9 particle.
